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In the alga Chlamydomonas, mutation of the gene
encoding the novel centriolar component Bld10p
results in seemingly acentriolar cells.  Remarkably,
bld10 cells are viable, highlighting the question of
whether or not centrioles are essential.
The centriole is a cylindrical structure resembling an
old fashioned lawn mower composed of a rotationally
symmetric array of nine triplet-microtubule blades.
These blades are arranged around a nine-spoked
central hub called the cartwheel (Figure 1). Recently,
Matsuura et al. [1] identified Bld10p, a novel coiled-
coil protein that localizes to the cartwheel [1].  This
study has breathed new life into a century-long debate
concerning the function of centrioles. 
Centrioles, together with so-called pericentriolar
material, comprise the centrosome, the microtubule-
organizing center of a eukaryotic cell. The centriole
also serves as a basal body to nucleate the assembly
of a cilium or flagellum. Recently, genes have been
identified in Drosophila, Caenorhabditis elegans,
Paramecium and the biflagellate unicellular green alga
Chlamydomonas reinhardtii that are involved in
centriolar assembly. In particular, δ-tubulin and ε-
tubulin, members of the tubulin superfamily, are
crucial for proper centriolar assembly in Chlamy-
domonas [2,3]. Loss of δ-tubulin results in centrioles
with doublet, instead of triplet, microtubules [2].
Reduction of ε-tubulin by a hypomorphic mutation,
bld2-1, results in cells with shortened centrioles
composed of singlet microtubules [3]. Complete
deletion of ε-tubulin is lethal [4], suggesting that the
centriole may be essential in Chlamydomonas. 
Contrary to this idea, Matsuura et al. [1] have now
reported that Bld10p is essential for centriolar
assembly, but not for cell survival. They found that
Chlamydomonas cells lacking Bld10p have no identi-
fiable centrioles. These mutant cells are aflagellate —
the so-called ‘bald’ phenotype — with aberrantly
placed mitotic spindles and generally disorganized
cytoskeletal structures, a phenotype reminiscent of
bld2-1 cells [3,5,6]. Yet unlike ε-tubulin, Bld10p does
not appear to be essential for cell survival; bld10
deletion mutants divide, albeit slowly, despite their
defective mitotic spindles.
So, are centrioles essential or not? If centrioles are
essential, then mutations in genes required for
centriolar assembly should be lethal. Why then is the
bld10 mutant viable? One plausible explanation is that
bld10 cells still have centrioles. Matsuura et al. [1]
reportedly see no morphologically distinguishable
basal bodies in more than a thousand thin sections.
This negative result may be misleading, however,
given the difficulty in observing small centriolar
structures. For example, Goodenough and St. Clair [6]
reported finding only 15 sections among several
thousand thin sections of bld2-1 cells that contained
singlet-microtubule centriolar structures. As Bld10p
staining is not perturbed in bld2 cells [1], Bld10p may
act earlier than ε-tubulin. If so, bld10 cells might have
even smaller centrioles than those in bld2 cells, which
would be even harder to detect. It is thus possible that
components of a centriole are present in bld10 cells,
but that these components, such as the amorphous
disc or cartwheel structure (Figure 1), may have
escaped identification by electron microscopy. If
some version of a centriole does exist in bld10 cells, it
could perform some of the normal roles of the
centriole and combat lethality. 
So, how much of a centriole does a cell need to be
viable? Centrioles from Drosophila embryos have only
doublet microtubules, while C. elegans cells have only
singlet microtubules. In fact, neither of these
organisms has δ-tubulin or ε-tubulin [7], yet neuronal
cells in C. elegans make a perfectly functional sensory
cilium. Thus, a small centriolar seed could be able to
perform some of the tasks of a normal centriole. If the
centriole is essential, then identification of genes that
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Figure 1. Centriole structure.
Cartoon depicting centriolar structure. Centrioles are com-
posed of nine microtubule (MT) blades arranged around a cart-
wheel structure (yellow). Bld10p is the first identified molecular
component that localizes to the cartwheel [1].  The amorphous
disc structure (blue ring) appears prior to the assembly of the
microtubule blades. 
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are truly vital for the earliest steps of centriolar
assembly will require isolation of conditional mutants.
If bld10 cells actually have centrioles, this might
indicate that Bld10p is not essential for the earliest
stages of centriole assembly. It is a formal possibility,
however, that the bld10 mutation is hypomorphic. The
bld10 allele was generated by insertion of a plasmid
tag into the 5′ region of the BLD10 gene, removing the
promoter and the exons that encode the amino-
terminal 30–40% of Bld10p (M. Hirono, personal
communication). Interestingly, genomic fragments
lacking the sequence encoding the amino-terminal
third of Bld10p can rescue bld10 cells as efficiently as
can full-length clones [1], demonstrating that this
region is not required for Bld10p function. Therefore,
it is possible that the resulting Bld10 protein in bld10
cells is at least partially functional. 
This scenario is again reminiscent of the bld2-1
mutation, where a point mutation in the amino termi-
nus of ε-tubulin results in a premature stop codon at
amino-acid nine [8]. As a result, an alternative start
codon is used, leading to the production of a variant
of ε-tubulin that is missing the first eighty amino acids.
The amount of ε-tubulin in bld-2 cells is also far less
abundant than in wild-type cells [8]. A similar situation
could be true in bld10 cells. While Matsuura et al. [1]
were unable to detect any Bld10p by Western blot in
bld10 cells, there could be low amounts of a short-
ened version of Bld10p that is able to carry out some
cellular functions. It therefore remains a possibility
that complete deletion of BLD10 might be lethal.
An alternative explanation as to why bld10 cells are
viable is that centrioles are not essential. One main
function of the centriole is as the fundamental unit of
the centrosome. In many organisms, cells from which
centrioles have been removed by laser ablation or anti-
body injection fail to form discrete centrosomes [9,10],
as centrioles are needed to recruit pericentriolar mat-
erial. Remarkably, these cells are not blocked in
mitosis [10,11], suggesting that the centrosome is dis-
pensable for cell division. Indeed, it appears that
bipolar spindles can form by a centrosome-indepen-
dent pathway involving molecular motors and the
protein NuMA [10]. 
If centrioles are non-essential in Chlamydomonas,
then the lethality of a BLD2 deletion could be due to a
requirement for ε-tubulin in some other, currently
unidentified essential cellular function not involving
centrioles. Correspondingly, BLD10 would not be an
essential gene if Bld10p is only involved in centriole
formation and plays no other roles in the cell.
Interestingly, the lethality of cells with a deletion in
BLD2 can be suppressed by a mutation in the gene
RGN-1 [4]. In addition, the rgn-1 mutation restores
some doublet and triplet microtubules in bld2-1 cells.
Thus, normally, Rgn-1 inhibits centriole formation
when ε-tubulin is absent, and therefore may be acting
as a checkpoint, surveying the existence of essential
centriolar components. It will be interesting to see
what effect, if any, the rgn-1 mutation has on the
phenotype of bld10 cells.
But mitosis is not the end of the story. In several
organisms, cells in which centrioles have been
removed have defects in cytokinesis and perturbations
in subsequent cell-cycle progression [12]. Additionally,
mutation in or knock down of genes encoding centrio-
lar components in C. elegans, such as zyg-1 and sas-4
[13–15], results in embryonic lethality, suggesting that,
in worms, centrioles are essential. These data imply
that centrioles are probably essential within the cell,
despite their dispensability in mitosis.
Regardless of the requirement of the centriole in the
cell, it is clear that Chlamydomonas is an invaluable
organism for the study of centriolar assembly and
function. To date, several novel components of the
centriole have been identified using the awesome
power of Chlamydomonas genetics. Although the
exact function of Bld10p still remains a mystery, its
identification has already furthered our knowledge of
centriolar structure by revealing the first defined mol-
ecular component of the cartwheel structure. In the
world of centriole biology, the future gleams brightly
off the bald heads of Chlamydomonas mutants. 
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